球状粒子強化型複合材料の巨視的弾性係数の簡易評価(FEM解析と等価介在物理論の比較) by 稲村 栄次郎
球状粒子強化型複合材料の巨視的弾性係数の簡易評
価(FEM解析と等価介在物理論の比較)
著者 稲村 栄次郎
雑誌名 東京都立産業技術高等専門学校研究紀要
巻 12
ページ 20-25
発行年 2018-03
URL http://id.nii.ac.jp/1282/00000222/
Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
(FEM )
Simple Evaluation of Marosopi Elasti Moduli of
Spherial Partiles Reinfored Composites
(Comparison between FEM Analysis and Equivalent Inlusion Theory)
1)
Eijiro Inamura
1)
Abstrat: In this paper, marosopi elasti properties of spherial partiles reinfored omposite material are simply
evaluated using a three-dimensional analysis based on the nite element method and ompared with theoretial
ones based on the equivalent inlusion theory. In the numerial analysis, it is assumed that partiles of the same
size are arrayed in body-entered ubi. The volume fration of omposite material is determined by the radius of
partile. A ube with regions equivalent to two partiles is treated as a unit ell and given fored-displaement on
its boundary surfaes. The marosopi Young modulus and the marosopi Poisson ratio of the omposite material
are obtained from reation fores on the boundary surfaes. On the other hand, the marosopi elasti properties
are also alulated using the Mori-Tanaka theory and the self-onsistent method whih are based on the Eshelby
equivalent inlusion theory. As an example, glass partile-reinfored epoxy matrix omposites are onsidered. For
elasti moduli, in onsequene of omparison between the numerial results and ones obtained by the equivalent
inlusion theory, the numerial results are oinident with ones of the Mori-Tanaka theory when partiles are loated
apart from the others. On the other hand, when partiles stik together, the numerial results approximate to ones
of the self-onsistent method with inreasing the volumetri fration of partiles.
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Glass 72.4 0.20 40.2 30.2
Epoxy 2.76 0.35 3.07 1.02
Glass/Epoxy 26.2 0.57 13.1 29.6
0 0.2 0.4 0.6 0.8 1 1.2
0
0.2
0.4
0.6
0.8
1
r
f
 FEM
 pi r3/3
PSfrag replaements
3 r f
0 0.2 0.4 0.6 0.8 1
0
10
20
30
PSfrag replaements
f
E¯
/
E
m
FEM
Self-onsistent [10℄
Mori-Tanaka [9℄
4 E¯
f
1 [10℄
r f 3
4 1 pir2/3
r =
√
3/2 = 0.866
f =
√
3pi/8 = 0.680 r > 0.866 (
√
3/2)
r =
√
5/2 = 1.12 ( )
0 ≤ r ≤ 0.866 (√3/2)
f
4
5 6 7
Mori-Tanaka
22
0 0.2 0.4 0.6 0.8 1
0
0.2
0.4
0.6
0.8
1
PSfrag replaements
f
ν¯
/
ν
m
FEM
Self-onsistent [10℄
Mori-Tanaka [9℄
5 ν¯
f
0 0.2 0.4 0.6 0.8 1
0
5
10
15
PSfrag replaements
f
κ¯
/
κ
m
FEM
Self-onsistent [10℄
Mori-Tanaka [9℄
6 κ¯
f
0 0.2 0.4 0.6 0.8 1
0
10
20
30
PSfrag replaements
f
µ¯
/
µ
m
FEM
Self-onsistent [10℄
Mori-Tanaka [9℄
7 µ¯
f
Self-onsistent
f = 0.680 (
√
3pi/8)
Mori-Tanaka
Self-onsistent
f = 0.2
f
f = 0.4 Self-onsistent
f ≧ 0.680 (
√
3pi/8)
0 0.2 0.4 0.6 0.8 1
−1
0
1
2
3
4
5
PSfrag replaements
f
D
i
f
f
e
r
e
n

e
f
o
r
κ¯
/
κ
m
FEM
Self-onsistent [10℄
FEM
8 κ¯
Mori-Tanaka
0 0.2 0.4 0.6 0.8 1
0
5
10
15
PSfrag replaements
f
D
i
f
f
e
r
e
n

e
f
o
r
µ¯
/
µ
m
FEM
Self-onsistent [10℄
FEM
9 µ¯
Mori-Tanaka
Mori-Tanaka
Self-onsistent
ν¯
Mori-Tanaka
κ¯
µ¯ Mori-Tanaka
Self-onsistent Mori-Tanaka
8 9
κ¯
f > 0.58 f = 0.680
(
√
3pi/8)
Self-onsistent 60%
µ¯
f > 0.62 κ¯
Self-onsistent
80%
Mori-Tanaka
10 13
23
10 r = 0.40, f = 0.069
A x x
B y y
C z y
MPa
10 r = 0.40, f = 0.069
0.412 MPa 0.483 MPa
0.0533MPa 0.440MPa
A
y
y
11 r = 0.866, f = 0.680
0.893 MPa 24.2 MPa
0.0430 MPa 18.8 MPa
C
A
B
B
12 r = 0.98, f = 0.913
1.33 MPa 19.5 MPa
0.0986 MPa 3.50 MPa
11 r = 0.866, f = 0.680
12 r = 0.98, f = 0.913
C
y
B
0.0986 MPa 10 11
0.0533 MPa, 0.0430 MPa
13 r = 1.00, f = 0.943
1.07 MPa
18.4MPa
0.118 MPa 8.44 MPa 12 r = 0.98,
24
x
z
y
C
13 r = 1.00, f = 0.943
f = 0.913
y
B
y
A C
0.118 MPa
Eshelby
Mori-Tanaka Self-onsistent
Mori-
Tanaka Self-onsistent
Mori-Tanaka
Mori-Tanaka
Self-onsistent
Self-onsistent
[1℄ :
, , 1993
[2℄ T. Mura : Miromehanis of Defets in Solids, Se-
ond, revised edition, Martinus Nijhoff, 1987
[3℄ , :
,
(A ), 64620, pp.10351042, 1998
[4℄ :
,
, 39, pp.712, 2003
[5℄ D. Cioranesu and P. Donato : An Introdution to
Homogenization, Oxford Leture Series in Mathe-
matis and Its Appliations, 17, Oxford University
Press, 2003
[6℄ : :
, , 2003
[7℄ :
,
(A ), 65631, pp.567574 1999
[8℄ J. D. Eshebly : The Determination of the Elasti
Field of an Ellipsoidal Inlusion, and Related Prob-
lems, Proeedings of the Royal Soiety of London,
Series A, 24, pp.376396, 1957
[9℄ T. Mura and P. C. ChengThe : Elasti Field Outside
an Ellipsoidal Inlusion, Transation of the Amer-
ian Soiety of Mehanial Engineers, Journal of
Applied Mehanis , 44, pp.591594, 1977
[10℄ G. P. Tandon and G. J. Weng : Stress Distribution
in and Around Spheroidal Inlusions and Voids at
Finite Conentration, Transation of the Amerian
Soiety of Mehanial Engineers, Journal of Ap-
plied Mehanis, 53, pp.511518, 1986
[11℄ C. Geuzaine and J.-F. Remale : Gmsh : a three-
dimensional nite element mesh generator with
built-in pre- and post-proessing failities, Inter-
national Journal for Numerial Methods in Engi-
neering, 7911, pp.13091331, 2009
[12℄ S. Yoshimura, R. Shioyab, H. Noguhi et al. : Ad-
vaned general-purpose omputational mehanis
system for large-sale analysis and design, Journal
of Computational and Applied Mathematis, 149,
pp.279296, 2002
25
